IMPORTANCE Coronary artery bypass grafting (CABG) is scheduled to become a mandatory Medicare bundled payment program in January 2018. A contemporary understanding of 90-day CABG episode payments and their drivers is necessary to inform health policy, hospital strategy, and clinical quality improvement activities. Furthermore, insight into current CABG payments and their variation is important for understanding the potential effects of bundled payment models in cardiac care.
M ultiple public and private payers are showing increased interest in bundled payment programs. [1] [2] [3] [4] Bundled payment programs aim to motivate hospitals and clinicians to increase coordination, improve quality of care, and reduce unwarranted variation. To do so, these programs hold hospitals and clinicians financially accountable for the entire care episode, including inpatient, outpatient, physician, and postacute care services, for specific conditions. 1,2, 5, 6 The United States spends an estimated $6.5 billion per year on coronary artery bypass grafting (CABG) procedures, making the procedure a substantial driver of hospital costs and a logical target of payment reform.
2, 5, 6 In the Participating Heart
Bypass Center Demonstration, the Health Care Financing Administration piloted a CABG bundled payment program in 4 hospitals. 7, 8 More recently, the Centers for Medicare & Medicaid Services (CMS) announced plans for a widespread, mandatory, 90-day, episode-based CABG bundled payment initiative. 2 The program, scheduled to begin in January 2018, aims to improve the value of CABG care by specifically incentivizing improvements in postdischarge planning, postacute care quality, treatment adherence, and chronic disease management. 2 Following suit, commercial insurers, Arkansas'
Medicaid program, and private employers have also begun to implement their own CABG bundled payment initiatives. 3, 4 Previous CABG bundled payment research used Medicare claims and demonstrated variation in 30-day CABG episode payments. 9, 10 However, little is known about the drivers of CABG payment variation outside of the index hospital stay or about variation in private payer patients. Furthermore, these previous analyses used 30-day episode payments, which may not fully capture postdischarge payment variation in contemporary 90-day programs, such as the one proposed by the CMS. Additional insight into events occurring more than 30 days after discharge, such as postacute care and readmissions, will be needed for hospital leaders, clinicians, and policymakers to appreciate how new bundled payment initiatives could affect CABG care. Accordingly, we set out to characterize contemporary 90-day payment variation and drivers of that variation for CABG care. In this study, we used a statewide Michigan claims registry that includes detailed CABG episode payment information for both Medicare and Blue Cross Blue Shield of Michigan patients. We examined differences in 90-day episode payments for CABG at the hospital level and identified specific drivers of CABG payment variation to provide a more nuanced understanding of CABG payment variation. We hypothesized that, despite years of payment reforms, significant payment variation still exists for CABG in both Medicare and private insurance patients. Furthermore, we hypothesized that readmissions-specifically the frequency of readmission-is a key driver of payment variation. 
Methods

Michigan Value Collaborative and Data Sources
Calculation of Standardized 90-Day Episode and Component Payments
We price standardized and risk adjusted claims for all patients to create expected payments. Prices were standardized using average Medicare payments for Michigan (C. Ellimoottil, MD, written communication, 2017). [9] [10] [11] [12] [13] [14] [15] Payments were risk adjusted using a 2-step model that utilizes age, sex, admission acuity, and prior 6-month spending, together with significant variables among CMS condition categories and the CABG-specific risk adjustment variables listed in the eAppendix in the Supplement. 11, 16, 17 In a manner similar to previously published methodologies, we then disaggregated the episodes of
Key Points
Question What are the drivers of payment variation in 90-day coronary artery bypass grafting episodes of care?
Findings In this cohort study of 5910 patients, the highest coronary artery bypass grafting payment quartile hospitals, when compared with the lowest payment quartile hospitals, had significantly higher index hospitalization payments (15%), professional payments (34%), postacute care payments (30%), and readmission payments (35%). These differences were driven by increased use of evaluation and management services, higher utilization of inpatient rehabilitation, and patients with multiple readmissions.
Meaning Hospitals and clinicians entering bundled payment programs for coronary artery bypass grafting should work to understand local sources of variation, with a focus on inpatient evaluation and management services, postdischarge rehabilitation care, and patients at risk for multiple readmissions.
care into 4 primary payment components: index hospitalization, professional care, postacute care, and readmissions. [9] [10] [11] [12] For postacute care stays longer than 90 days, payments were truncated at 90 days. Ninety-day readmission payments were priced as a hospital payment and received a standardized price based on the diagnosis related group (DRG) of the readmission.
Computation of Hospital-Level Payments and Hospital Quartiles
We aggregated patient-level episodes of care at each index hospital to create mean 90-day total episode payments for each hospital. To be included in the cohort, hospitals had to perform more than 20 CABGs over the selected time frame. Hospitals were ranked from lowest to highest by mean riskadjusted total episode payment and grouped into quartiles. We adjusted for hospital-to-hospital transfers by attributing all episode payments to the originating hospital.
Analysis of Payment Variation Between Quartiles
Mean episode payments and payment components were analyzed across quartiles. We used the Wilcoxon rank sum test to compare the total episode payment and payment components between quartiles. We performed 3 sensitivity analyses. First, we created a Medicare-only patient subgroup to ensure the results did not vary by payer. Second, we split patients by DRG type-specifically, those with major complication and comorbidity-to determine whether DRG intensity affected the results. Third, we compared payment variation using our definition of a CABG episode with variation using the CMS definition of a CABG episode (DRGs 231-236).
Identification of Drivers of Variation
To identify drivers of episode payment variation, we compared patients in the highest payment quartile with those in the lowest payment quartile. Specifically, for index hospitalization payments, we examined the distribution of DRG types across quartiles. For professional claims data, we analyzed Current Procedural Terminology codes, including procedural and evaluation and management (E&M) codes on each claim. For postacute care payments, we evaluated the rate and intensity of postdischarge services delivered.
Readmissions were analyzed by examining the cause and payment amount for each readmission. Readmissions with DRG codes 177 to 179, 193 to 195, 853 to 858, 862 to 863, and 870 to 872 were classified as postoperative infection. Readmissions with DRG codes 291 to 293 were classified as being due to heart failure. We also examined the number of times each patient was readmitted within 90 days and analyzed the use of postacute care following readmissions.
Statistical Analysis
The Wilcoxon rank sum test is a 2-tailed paired statistic tool. We used a P < .05 level of significance. All statistical analyses were performed using Stata, version 14 (StataCorp). (Figure 1) . When examining hospital quartiles, the mean total episode payment for hospitals in the highest quartile of spending was $54 399 vs $45 487 for hospitals in the lowest quartile, a difference of $8912 (16.4% difference, P < .001) (Figure 2) . Payer mix and mean age were similar across quartiles. The highest payment hospitals had lower case volumes and more women compared with the lowest payment hospitals ( Table 1) .
Results
Overall Variation in Total Payments
Payment Variation Across Quartiles
There was considerable payment variation between the highest and lowest quartiles for all payment components (Figure 2 ). Payment variation between the highest and lowest quartiles for all payment components.
Research Original Investigation
The highest payment quartile hospitals compared with the lowest payment quartile hospitals had 14.6% higher index hospitalization payments ($34 992 vs $30 531, P < .001), 33.9% higher professional payments ($8060 vs $6021, P < .001), 29.6% higher postacute care payments ($7663 vs $5912, P < .001), and 35.1% higher readmission payments ($3576 vs $2646, P = .06).
A sensitivity analysis using a Medicare-only subgroup revealed similar results, although the readmission payment difference was even more pronounced (53.3% difference; range, $2559 [quartile 1] to $3923 [quartile 4]; P = .005). A sensitivity analysis including only patients with major complication and comorbidity DRGs also provided similar results, indicating that our findings are not caused only by DRG distribution. Last, we compared our definition of a CABG episode with the CMS definition and found a 91.8% patient match. Further analysis of patients falling under the CMS CABG definition showed results similar to those stated above.
Drivers of Payment Variation
Index hospital payment variation was primarily associated with differences in index DRG intensity. For example, 42.8% of index DRGs at high-cost hospitals were more expensive major complication and comorbidity DRGs, while 19.7% of index DRGs at low-cost hospitals were major complication and comorbidity DRGs (P < .001).
Variation in professional payments was mainly driven by differences in inpatient E&M claims ( Table 2 ). The E&M payments are driven by the total length of hospitalizations, including index and readmission days, and the number of hospital E&M services per day. The average patient in the highest payment quartile spent 2.6 days longer in the hospital than patients in the lowest payment quartile (13.9 vs 11.3 days, P < .001). In addition, patients in the highest payment hospitals had more E&M claims per day compared with those in the lowest payment hospitals (1.5 vs 0.7 E&M claims per day, P < .001).
Variation in postacute care payments was chiefly associated with the use of inpatient rehabilitation services. Patients in high-and low-payment hospitals had similar utilization rates for all rehabilitation services (58.0% vs 53.6%, P = .04). However, the highest payment hospitals used more inpatient rehabilitation services (13.2% vs 3.0%, P < .001) and fewer outpatient rehabilitation services than the lowest payment hospitals. This led to a $1104 mean difference in inpatient rehabilitation payments between quartiles (P < .001) ( Table 2) .
There was considerable variation in readmission payments between hospitals in the highest and lowest payment quartiles (Table 2) . Patients in the highest quartile hospitals had 35% higher readmission payments than those in the lowest quartile ($3576 vs $2646, P = .06). Patients who experienced multiple readmissions were major drivers of this variation. Hospitals in the highest and lowest payment quartiles had nearly equal rates of patients with single readmissions (14.8% vs 13.7%, P = .49). However, the highest payment hospitals had a 77% higher rate of patients with multiple readmissions (6.8% vs 3.9%, P < .001). Patients with multiple readmissions had a total mean episode payment of $85 983 and spent 35 of 90 days hospitalized. In contrast, patients with single readmissions had a mean total episode payment of $61 712 and spent 18 of 90 days hospitalized.
We then examined, at the patient level, the clinical cause of these multiple readmissions. When patients were readmit- ted for a postoperative infection, 41.7% (10 of 24) of patients at high-quartile hospitals were readmitted multiple times compared with 30.8% (20 of 65) of patients at low-quartile hospitals. Similarly, of all patients who were admitted for heart failure, 27.3% (3 out of 11) of patients at high-quartile hospitals were readmitted multiple times compared with 10.8% (4 of 37) of patients from the low-quartile hospitals. Finally, we analyzed the use of postacute care following readmissions. Among patients with a first readmission for postoperative infection or heart failure, only 5.1% (5 of 98) of those with subsequent readmissions received postacute care between their first and second readmissions. In contrast, 49.0% (100 of 204) of patients without subsequent readmissions received postacute care within 30 days after their readmissions.
Discussion
We found significant variation in 90-day, risk-adjusted CABG episode payments in Michigan. In addition, our results indicate that readmission, professional, and postacute care payments had relatively similar influences on statewide payment variation. Patients with multiple readmissions drove a substantial portion of readmission payment variation. These results underscore that there are meaningful opportunities to improve quality and reduce costs in CABG bundled payment programs, and success will require clinicians and hospital leaders to pay particular attention to care beyond the initial hospitalization.
Our findings align with those of previously published studies that characterize the structural and patient-level factors influencing CABG payments.
9,10,18-21 Specifically, lower hospital CABG volume has been shown to correlate with higher episode payments, and female sex is known to be associated with higher inpatient CABG costs. 18, 21 Other work in this area has found that payment variation between high-and lowpayment hospitals for 30-day CABG Medicare payments was greatest for postacute care, followed by readmissions, professional payments, and index hospitalization payments. 10 In contrast, we have shown that readmissions, postacute care, and professional payments are relatively similar sources of 90-day CABG payment variation. Our data suggest that patients with multiple readmissions drive the majority of variation seen in CABG readmission payments. These patients represent a particularly high-cost, atrisk population. Previous research has documented the prevalence and cost burden of patients with multiple readmissions within the general Medicare population but not among patients who undergo CABG. 22 Studies of heart failure in elderly individuals found the rate of multiple readmissions to be as high as 16.4%. 23, 24 These same studies determined that multidisciplinary heart failure management programs focused on improving patient education, discharge coordination, transitions of care, and home follow-up can reduce the rates of multiple readmissions by more than 50%. 24 Our findings suggest that there could be opportunities to improve the use of postacute care for patients who undergo CABG, especially among those readmitted with postoperative infection or heart failure.
Limitations
This study has several limitations. First, our data contain episode payments from a single state. However, Michigan has the 10th largest patient population and is known to have heterogeneous, representative demographics. 25 Second, our sample size for comparing the causes of multiple readmission is small for some comparison groups, and future readmissions analyses will require a substantially larger study population. Last, we have not yet included and analyzed clinical quality-ofcare measures, including mortality data or patient-level factors, such as use of cardiopulmonary bypass, that can be obtained only from clinical registries. Understanding the association between quality and cost of care will be important for informing the value of future CABG payment reform initiatives. Such patient-and procedure-specific quality measures will be available through registry programs, such as the Michigan Society of Thoracic and Cardiovascular Surgeons Quality Collaborative.
Conclusions
These limitations notwithstanding, our findings have important implications for policymakers, institutions, cardiovascular surgeons, and the care teams. Relevant to policymakers, we have illustrated significant 90-day variation in readmissions and postdischarge care, confirming the focus of key initiatives within the new Medicare CABG bundled payment program. 3 In addition, since patients with multiple readmissions are key drivers of payment variation, we recommend that Medicare consider including such patients in their quality improvement programs, such as the Hospital Readmission Reduction Program. For hospital leaders and clinicians, our findings suggest that succeeding in contemporary CABG bundled payment initiatives requires improving the value of postdischarge care and reducing readmissions. For example, increased attention to wound care and comprehensive heart failure management may help to lower episode payments and improve patient outcomes by limiting multiple readmissions. In addition, optimizing the balance between the use of outpatient and inpatient cardiac rehabilitation will be important since inpatient rehabilitation is costlier and has not been shown to improve outcomes compared with outpatient rehabilitation. 26, 27 However, there is unlikely to be a singular solution for lowering episode payments at all hospitals. Instead, clinicians and hospital leaders will need accurate, up-to-date local data to effectively target and tailor local interventions. Collectively, these findings underscore that payment variation exists in contemporary public and private 90-day CABG episode payments and there are important opportunities for quality improvement. Expanding our knowledge about drivers of CABG payment variation is necessary to inform national discussions among policymakers, hospital leaders, clinicians, and patients about these potential health care reform models. Moving forward, research and reform in this area should focus on developing patient care initiatives that enhance the value of CABG care by improving quality and reducing episode costs. 
